A new equation has been derived for the determination of the thermal expansion coefficient of isotropic particulate composites. An original analysis by Tummala and Friedberg was modified by incorporating the dependence of the internal thermal stress on the inclusion volume fraction, as known from the literature. For low volume fractions of inclusions the new equation gives similar values to the original Tummala and Friedberg equation. For intermediate volume fractions, however (zO.3~f~zO.7), the present equation is shown to be in better agreement with experimental values for different composite systems investigated.
Introduction
The thermalexpansion behaviour of composite materials has been the focus of many investigations in the past and several equations have been proposed for predicting the thermal expansion coefficient in dependence of the thermal and elastic properties of the constituents and the volume fraction of each phase. For spherical geometry of the included phase the most popular equations are due to Turner [1] , Kerner [2] , Thomas [3] , Levin [4] and Tummala and Friedberg [5] . The relationship derived by Levin [4] has been established independently by Schapery [6] , Cribb [7] and Ondracek and Nazare [8] . The Levin equation contains the effective bulk modulus of the composite as a variable, and therefore, a relationship for this elastic constant is necessary. Using the well-known Hashin equation for the effective bulk modulus of an isotropic material containing a dilute suspension of spherical particles [9] the Levin equation reduces to the expression derived by Kerner, as shown by Hale [10] . Furthermore an expression derived by Budiansky [11] for twophase materials using the "self-consistent"approach also coincides with the Levin equation, (anr consequently with the Kerner equation), for dilute concentration of spherical particles. Other equations have been reviewed by Hale [10] . A new complete comparative review study of the different equations, their ranges of validity and suitability for thermal expansion coefficient prediction in real composite systems is still to be done, however. The equations derived by Turner [1] , Kerner [2] , Thomas [3] and Tummala and Friedberg [5] are listed in Table 1 . Some of the derived equations have been verified experimentally on certain real systems [1, 5, 8] , but poor agreement was found between theoretical analysis and experimental results for other systems [10, 12, 13] . The magnitude of the stress developed in the matrix and the crack propagation behaviour of the matrix were identified as important parameters affecting the suitability of a given equation to fit experimental data [13] . Studying previous investigations it is possible to point out, that the equation which best fit the experimental data at low concentration of spherical inclusions is the relationship derived by Tummala and Friedberg [5, 13] (Eq. 4 in Table 1 ). At high volume fraction of inclusions, however, Eq. 4 failed to predict accurately the experimental results. In this letter a correction of Eq. 4 to consider higher concentrations of inclusions isproposed. Turnmala and Table 1 :
Some previous equations for the thermal expansion coefficient of particulate composites. (E] ,Em, Kj , K m , Gi, G m, Vi, vrn and <Xi, <Xm are the Young's modulus, hulk modulus, shear modulus, Poisson's ratio and thermal expansion coefficients of the inclusion and the matrix, respectively,~T is the temperature change from a reference value and f is the inclusions volume fraction).
Equation Author
Ref.
Friedberg
Friedberg used in their derivation [5] an expression for the internal stress in the inclusions (that results from the thermal and elastic mismatch of the composite constituents), which holds only for dilute concentration of spherical inclusions. This expression, which was originally derived by
Se1sing [14] , can be written as:
It is here suggested, that using an inclusion volume fraction dependent expression for the internai stress in the original derivation of Tumma1a and Friedberg [5] , an equation can be obtained for predicting the thermal expansion coefficient of composites in the medium-to-high inclusion volume fraction range.
Analysis
In a recent paper, Taya et a1 [15] have presented equations for the internal stresses generated as a result of the thermal and elastic mismatches in composite materials. The average internal stress in the inclusion depends on the Young's modulus, Poisson's ratio and thermal expansion coefficient ot he constituents, the temperature gradient considered and the inclusion volume fraction (j). It can be given by the following expression: 
